with 95 % 02-5 % COZ at 36.5-37.5 C, and pinned flat to a block of beeswax to its approximate dimensions in situ. Six silver-silver chloride glass pore electrodes, aligned vertically in an electrode holder, were applied to the exposed circular muscle in a straight line estimated to be the long axis of the colon along the estimated mesenteric border (Fig. 1 ). The electrode holder fixed the relative positions of the electrodes.
Interelectrode distances were set at 5.8 mm. The holder gripped the electrodes loosely enough that they could be shifted vertically by hand to achieve optimal contact with the slightly uneven surface of the exposed muscle. Optimal contact was defined by the observation of a maximum slow-wave amplitude from each electrode.
In all 18 preparations the electrodes were put along the approximate mesenteric border with the most proximal electrode 5 to 2 cm distal to the ileocecal junction.
The glass pore electrodes used were slightly modified from those described before (3) (Fig. 1 ). To make each electrode, a 4-cm segment of borosilicate glass tubing, id 1 mm, od 2 mm, was fire polished at one end to produce a pore 100-200 p diam. A 0.2-mm silver wire, chlorided electrolytically, was inserted from the other end up to the pore, and the remaining lumen of the tube was packed with granular silver chloride.
The lumen was sealed with insulating varnish at the end of the tube opposite the pore, and the silver wire was soldered to a fine flexible copper wire which led to the preamplifier.
All six electrodes were soaked in saline so that they filled by capillary action, and they were stored in saline solution between experiments.
Records were unipolar. The common reference electrode for all six glass pore electrodes was a coil of chlorided silver wire put in one corner of the bath. Records were made through the R-C input of an ink-writing polygraph (Beckman type RM biomedical Dynograph) with a time constant of 1 set and a high-frequency filter to reduce the amplitude of transients above about 30 Hz. The unipolar records from all six electrodes, displayed on a common time base, were read by inspection.
The experiments lasted up to 4 hr. Records were sampled at 5-min intervals beginning at the time when clear slow waves could be seen on all six channels.
Sampling ended when slow-wave amplitude or frequency was clearly declining. Thus, the periods of the records which were sampled ranged from about 1 to 3 hr. In each sample a period of 5-10 slow-wave cycles was analyzed for the presence of coupling (or phase lock), the distance of coupling, apparent velocity (or phase lag), and frequency of the oscillators. across all six electrodes could be toward the cecum, called "negative", toward the rectum, called "positive", or split, negative proximally positive distally or positive proximally negative distally (Fig. 3) . When the patterns were analyzed, we found the vector to be negative 9.0% of the time, positive 3.4% of the time, negative-positive 87.6% of the time, and positive-negative 0% of the time. Figure 4 shows an example of phase lag with a negative vector across all electrodes. Figure 5 shows a record with a split vector, negative-positive, the commonest pattern. Figure 6 shows an intermittent positive vector of delay across all electrodes. Data from each experiment appear in Table 2 Cou#ing distance. The distance over which phase lock occurred could only be estimated because of the small number of recording points. These estimates indicated that coupling distance can vary at least from <5.8 to > 28.8 mm.
Frequency. The mean frequency of oscillators in this segment (n = 1,487) was 3.12 I+ 1.62 (SD) cycles/min. Though frequency varied from time to time, there was no clear net change in frequency over the time of analysis of the records.
DISCUSSION
The recording of patterns of spread of slow waves in this layer is clearly much easier in the opened colon that it would be in the everted isolated tubular colon preparation (9) or in vivo. We cannot evaluate possible changes in coupling or spreading patterns due to isolation and opening of the colon because coupling and spreading patterns have not been examined in those other preparations. The data we have presented from these studies in the opened colon can be applied to the colon in vivo only with the reservation that there may be differences in vivo.
What do slow waves have to do with movement in the gut? A most general view is that they create a polarity in the movements of the whole organ. In the gastric antrum, both the direction and velocity of the slow wave appear to control contractions to achieve a moving ring contraction, antral peristalsis. In the small bowel, the cause of the polarity of net movement of thyme is not so clear. Some postulate that the gradient in frequency of occurrence of the slow wave along the small bowel establishes the polarity of the organ. Slow-wave frequency establishes the frequency of segmentation, standing ring contractions. Chyme tends to move away from the proximal organ where slow waves and segmentation are more rapid, toward the distal organ where slow waves and segmenting contractions are slower. Thus, there are two ways in which pacesetter activity could produce polarity in a viscus: 1) by controlling the direction and velocity of moving ring contractions, or 2) by establishing a gradient in frequency in time of occurrence of standing ring contractions along the organ. Assuming that, in the colon, slow waves also act to 249 polarize wall movements of that organ axially, is the polarity dependent upon a gradient of slow-wave frequency or upon the direction of phase lag of the oscillators which are presumed to generate slow waves? Previous studies of the gradient of frequency of slow waves along the colon show that net frequency rises progressively from the proximal to the distal colon so that net movement of the fecal mass is against the net slow-wave frequency gradient (9). The polarity of spread of slow waves in the long axis may also determine polarity of wall movement and hence also the polarity of movement of the fecal mass. Slow-wave frequency in the proximal colon and in the distal colon both vary sufficiently that frequency in the proximal colon may transiently exceed that in the distal colon, though this has not been examined in vivo. It seems likely that the direction of fecal movement could be dictated at various times in part by the slow-wave frequency gradient along the colon, in part by the distance over which slow waves are phase locked, and in part by the polarity of the phase lag. Since all three parameters seem to vary widely, flow patterns in the fecal mass can be very complex. It is necessary to examine possible controls of all three parameters to understand control of wall movement in the colon and of consequent flow patterns in the fecal mass. The results presented here indicate that the spreading pattern of slow waves is complex and variable, but favors a particular pattern.
If polarity of slow-wave spread establishes a polarity in wall movements, then the predominance of spread in the negative direction near the cecum establishes a vector at this ievel which would tend to fill the cecum under these experimental conditions. The occasional reversal of the vector at this level indicates that the direction of phase lag may, on occasion, be reversed so as to promote cecal emptying. It is possible that the spreading pattern may be under such controls that it is at times perhaps related to eating or other physiologic variables, oriented chiefly to empty the cecum.
The chain-oscillator model of slow waves in the small bowel indicates that the direction of spread of slow waves is determined by the location of the oscillator in the chain which has the highest intrinsic frequency. (The intrinsic  frequency of an oscillator is the frequency at which it oscillates when it is completely uncoupled from adjacent oscillators).
The direction of spread of slow waves across coupled oscillators is away from the oscillator in the chain with the highest intrinsic frequency.
The oscillator with the highest intrinsic frequency in the chain, the dominant oscillator, is the pacemaker for the chain. Our studies indicate considerable lability in the locus of the dominant oscillator in the chain just below the ileocecal junction.
It is usually located about 3 cm distal to the ileocecal junction but it may wander, occasionally moving proximal to the entire segment of the colon we studied to impose a positive sense on the spread of slow wave through that segment, and occasionally moving distal to that segment to give a negative sense to the phase lag. 
